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Nitrides in Europe 
Although not often reported as such, R&D,
equipment and materials supply for III-
nitride materials and processes (and related
wide bandgap materials) are widespread in
Europe. In the first of a two part series, Dr
Alan Mills reports on research that has been
on going for many years, supported by a 
significant number of universities and com-
panies. Countries including France,
Germany, Poland, Sweden, Switzerland,
Belgium and the UK have multiple pro-
grammes for academic research plus compa-
nies that are developing or offering state-of-
the-art commercial products. Even smaller
states such as Latvia have active nitride pro-
grammes supported by international fund
agencies eg, NATO and the EU. Nitride laser
diodes have been developed at German 
universities and more recently the University
of Sheffield reports on development of its
first nitride laser, in conjunction with
Chinese researchers.
Nitride device applications range from LEDs for
automotive and general lighting to high frequen-
cy power amplifiers for mobile communications
and base stations, with university research 
ranging from quantum dot development at
Cambridge and Oxford to GaN on silicon at
Magdeburg. Briot et al at the University of
Montpellier have an ongoing project to make a
final determination of the indium nitride band
gap, which has been reassigned from the previ-
ously accepted 2.2eV range to the 0.7 to 1.0eV
range.The former higher values are believed to
be derived from oxide contaminated indium
nitride.Additionally, Europe is home to leading
MBE equipment manufacturers (eg. Riber and VG
now Veeco) and is the home base for the world’s
largest producer of MOCVD epitaxy equipment,
(the Aixtron/Thomas Swan group), headquarter-
ed in Aachen.
Poland can boast about the University of Warsaw
High Pressure Laboratory and its commercial off-
shoot, Unipress, the only commercial supplier of
high pressure, solution grown GaN crystals.
These crystals, which are conducting, have low
defect levels (in the 10 to 100/cm² range com-
pared with 10E8 range for GaN on sapphire and
10E5 to 6 per cm² for lateral epitaxial over-
growth), but unfortunately, commercial yields
with dimensions exceeding 2cm have eluded the
process development team for several years.
Warsaw is also the headquarters of TopGan, a
recent start up and commercial producer of
blue/violet laser diodes utilising low defect level
Unipress substrates.
Violet lasers
In addition to producing GaN substrates,
Unipress is also developing multi quantum well
violet diode lasers using MOVPE layer growth
processes on their low defect level wafers.
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Figure 1: 1µm x 1µm AFM scans of InGaN epilayers grown on GaN 
(a) NH3 flow rate = 1slm, image height, h = 3.41nm, 
(b) NH3 flow rate = 3slm, h = 1.44nm, (c) NH3 flow rate = 5slm, h = 1.45nm 
(d) NH3 flow rate = 10slm, h = 1.76nm. Growth parametres: 
TMG/TMI = 2/100 sccm, T = 700-710°C, nominal layer thickness = 10ML.
Although the average substrate is quite small, the
production of 200 to 300 laser diodes is possible
per wafer, with only zero or one defect being
contributed by the substrate per 500 micron cav-
ity length device.This defect level is about two
orders of magnitude less than for most other
laser diode substrates.The first lasing was
obtained by optical pumping with a 2kW/cm²
power source. CL diode lasers have been made
and for 500nm cavity lengths, stripe widths
above 10nm had the lowest threshold currents
(below 10 kiloamps per cm²).Violet lasers with
outputs in the 390 to 430nm wavelength range
have been produced, with the highest optical
intensity being obtained from a 402nm laser.
Unipress has also reported pulsed output powers
of up to 2 watts with the estimated lifetimes
operating at 20ºC being greater than 10,000
hours.
Work is continuing on the development of high
power CW laser diodes, but this will depend on
the achievement of wavelength selectability and
operating voltages below 9V.The optimisation of
other process parameters, such as p-doping, con-
tact resistance, the need for improved quantum
well layer flatness, is also anticipated.
GaN on silicon
Europe also is leading research in the III-nitride
epitaxy on silicon arena, with the largest number
of active groups reporting from any continental
region, Picogiga, and the Universities of
Cambridge and Magdeburg.The latter group, led
by Alois Krost, has been working in this field for
several years and has previously reported the
growth of a variety of blue LEDs, electronic
devices and detectors, all grown on silicon.
Although devices can be made on silicon, the
stresses accruing from the hetero-epitaxial
growth on silicon and the differential thermal
expansion mismatch (about 50%) between the
heteroepitaxial layers can produce extensive
wafer bowing and cracking of the GaN layers
during the cooling process (from the 1100ºC
growth temperatures). Using an Aixtron 200 
reactor at 2rpm rotation rates, several process
improvements (such as the use of low tempera-
ture AlN interlayers, graded compositions, super
lattices and silicon nitride (SiN) or combinations
of these techniques have been evaluated to
improve this situation.A review of the latest
results from the Magdeburg group was given at
the London meeting of The Institute of Materials,
Metals & Mining Society.
In general, as little as a 30ºC drop in the wafer
temperature (from the 1100ºC growth tempera-
ture) would cause concave bowing above an
apparent critical GaN layer thickness of 0.8
micron. In early work, tensile stresses of up to 1.5
GPa were measured. However, using disilane as
the silicon source for SiN layer growth, Magde-
burg has shown that the addition of about one or
two monolayers of SiN over the AlN buffer revers-
es the layer growth conditions to compressive
stress, resulting in almost zero stress in the nitride
layers and an order of magnitude reduction in dis-
locations. (To date, the SiN layers have not been
detected by TEM). GaN growth on silicon doped
GaN also reduces dislocation levels and the incor-
poration of low temperature grown AlN interlay-
ers produced stress free growth.Additionally, bow-
ing of the substrate has now been monitored opti-
cally using an in situ detector and the benefits of
the inclusion of different interlayers and growth
conditions have been determined.
Using these improved growth conditions (the
use of AlN and SiN interlayers),AlGaN/GaN FETs
have been made on <111> silicon and with 50
ohm matching, outputs 1.8W (2.5 W/mm) at
2GHz were achieved.Additionally, 2 W/mm were
obtained at 5GHz and 1W/mm at 8GHz. Other
new devices include MQW blue LEDs on flat, 3.7
micron thick, crack free GaN, which led to out-
put powers exceeding 2mW (at 470nm).A GaN
cantilever structure on silicon has also been
made, which behaves as a piezo resistor.
Cambridge University has also reported GaN on
silicon growth processes. In this work, Mat
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Figure 2: Plot of the ratio of
the normalised areas under
the In 3d peak and the Ga 3p
peak in XPS as a function of
the NH3 flow rate (ie for the
samples shown in Figure 1).
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Kappers et al from Cambridge University, in
cooperation with Ted Thrush from Thomas Swan,
described the growth and benefits of SiN and AlN
interlayers on GaN grown in a Thomas Swan
‘showerhead’ reactor. X-ray diffraction and TEM
analysis were used to assess the quality of the lay-
ers.The silicon wafer surfaces were pre heated at
1100ºC to remove residual oxide and then treated
with trimethyl aluminium (in ammonia) to grow
about 150nm of AlN.This was then followed by a
super lattice growth of 10 x 6nm layers (each
consisting of 2nm of AlN + 4nm of GaN). Growth
of up to 2 micron of GaN was possible without
cracking.These wafers exhibited some bowing
with an approximate radius of 5 metres. Using a
graded AlGaN to GaN preparation prior to GaN
layer growth (instead of a super lattice), a reverse
curvature of 17 metres radius was obtained with
screw dislocations at the wafer edges.When SiN
layers were used to control layer growth parame-
ters, the silane exposure times became important.
Short disilane application times gave little
faceting and rapid layer coalescence, whilst
longer silane exposure times gave stronger
faceting, slow coalescence, flat tops on the grow-
ing islands, and lower defect densities. Blue LEDs
have been made on these GaN on silicon sub-
strates and the research continues.
InGaN layer growth and QW
optimisation
In addition to Cambridge nitride on silicon work,
there has also been research, in cooperation with
Oxford University, in the growth of III-nitride
quantum dots. More recently, this joint effort has
extended to the study of the MOCVD growth
parameters for InGaN layers where the morpholo-
gy and composition are very important for the
development of efficient quantum well devices
including LEDs. Earlier reports have proposed that
the performance of InGaN QW devices is greatly
enhanced by exciton localisation due to either
local compositional or well width variations.
Recent work by R A Oliver et al has reported on
InGaN growth process conditions as a possible
way to control indium localisation.
Growth conditions usually are either two dimen-
sional, three dimensional (for quantum dots) or
step growth processes, with the latter being the
most desirable for flat layer growth and ideal
quantum well layer production. In this research,
the InGaN layers were grown using TMG,TMI
and ammonia as precursors and nitrogen as the
carrier gas in a Thomas Swan ‘showerhead’ reac-
tor (6 x 2” wafer capacity) and ‘pseudo’ GaN 
substrates.The latter were formed on c-plane sap-
phire by the initial deposition of GaN (30nm at
540ºC) followed by the growth of 2.8nm of GaN
at 1020ºC.To ensure a flat growth surface and
bury the regrowth interface, an additional 0.5
micron of GaN was deposited prior to InGaN
growth.The pseudo substrates had defect densi-
ties in the 10E9 per cm² range and an rms flat-
ness of 0.2nm over a 3 micron area.A range of
precursor flow rates were evaluated for growth
properties and the surface morphology was then
determined by AFM.The indium and gallium con-
tents of the deposited layers were measured by
estimating the areas under the indium 3-d and
the gallium 3-p peaks in the XPS curves, with
some SIMS cross-verification.
After varying the ammonia flow rates for con-
stant TMI and TMG flows and for nominal 10
monolayer growth thicknesses, typical AFM sur-
face scans were taken for 1 x 1 micron areas and
the results are shown in Figure 1.At the higher
flow rate of 10 litres per minute (slpm) it can be
seen that step flow growth occurs (and the aver-
age terrace width is narrower than on the under-
lying GaN substrate).The growth modes illustrat-
ed in Figure 1 also appear to have different indi-
um incorporation rates, since the indium to galli-
um ratios increase by up to almost 100% as the
ammonia flow rate increase from 1 slpm to 3
slpm and higher (see Figure 2).
The sensitivity of layer growth mechanics to
growth conditions was further demonstrated by
increasing reactor growth pressure from 300 Torr
to 450 and 600 Torr (effectively increasing the
ammonia partial pressure) where 3-D structures
appear to be superimposed on top of the grow-
ing surface.As the ammonia growth pressures
increase the XPS data shows that the indium
content of the layers is dropping.
The current data identifies the overall reactor
pressure as one of the key factors in controlling
transitions from 2D to 3D growth and that
changes in the ammonia flux may be used to
engineer changes in the surface roughness of
InGaN device layers.This research direction
could also lead to the control of the indium seg-
regation in quantum wells and higher perform-
ance InGaN devices in the future.
“Euro Nitrides” Part II  ‘III-Vs Review’ continues
in December 2004/January 2005.
European Wide Gap research centres with recent
results for inclusion should contact:
Dr Alan Mills: csnewsus@yahoo.com
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